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Muonic Problem

* Proton Radius Puzzle
* Lamb Sh|ft in 251/2 - 2P3/2 in ,LlH [1,2]
n, = 0.84087(39) fm

* CODATA 2014 from L.S. in H and e —p scattering | 3]
r, = 0.8751(61) fm

* More than 50 away
* e —p scattering? Nuclear theory? New physics?
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Muonic Problem

* Muon Anomalous Magnetic Moment
_ (g o 2);1

a 2

* The measurement at BNL [1] differs from SM prediction [2,3] by more
than 30 away.
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a
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New Physics

* A Scalar Boson, ¢, can solve both problems [1,2].

* Assume Yukawa Interaction L O eEfQDEfl/)f,

where €r = %, and f = e, u,p,n,etc.

* The classical potential between f; and f, by exchanging a scalar

boson is

e—m¢r

Ve (r) = —€16,a
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New Physics

* Make no other a priori assumptions.
(€, = €p [1], €, = 0[1,2], mass-weighted [2], etc.)

* €,€, > 0 (using Lamb Shift of uH)
* Without lose of generality, we set €, > 0 and €, > 0.

* €, and €, are allowed to have either sign.
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Muon and Nucleon Observables

* The Lamb shift using laser spectroscopy in muonic hydrogen,
deuterium, and helium-4

* (g o 2)u
* Low energy scattering of neutron on %*®Pb

* The NN scattering length
* The binding energy per nucleon in nuclear matter

* The binding energy difference of *He and SH
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Electron Observables

* Electron Beam dump experiments, E137, E141, and Orsay.

° (g o Z)e
* Resonance in Bhabha Scattering
* The Lamb shift using laser spectroscopy in electronic hydrogen
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Coupling to Electron €,

* A: APEX, HPS, DarkLight, VEPP-3, MAMI, MESA, etc.
102
* B: de-excitation of 1°0* [1].

A1 at MAMI and BaBar,
Astronomical observables, 10
Kaon decay, etc.

|€el

* mass-weighted €; « m;' Y

* electrophobic
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uH Lamb Shift

» SEN =

a
" 2q, ElENf(alecp)

(for Iepton—nucleus)

flx) =

(1 +x)4

a;y is the Bohr radius

. SEM =
[1-4]

—0.307(56) meV
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uD and u*He™ Lamb Shift

« SEIN = —%EleNf(aled)) (for lepton-nucleus)
l
2
f(x) = (1ix)4 , a;y is the Bohr radius

+ SEMP = —0.409(69)meV [1,2]
« SEXHT = _1.4(1.5) meV [3,4]
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Low Energy Neutron Experiments

* Measuring total cross section of Scattering of neutron on 208pp,

*In[1],itisassumed g, = gn = gy,

2 2
In _oa (Mg
— < 8x10 23(—) .
41T eV

* Using the replacement

ga (A—Z +Z )
— > A€, €En T <€y
A A
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NN scattering length

2

+ Aeyp = 5.64(60) fm [1], Aag, = 5.6(5) fm [2]
* Aay = aa,,M fooo AV TGy, dr
M _ mp+mn; AV — _%(Ep . En)ze—m¢r;

u(r) is the zero energy 'S, wave function,
u(r) > (1 —r/a)asa — oo.

¢ Aa(p < 1.6 fm

*Aa=a—ay,a=
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Nucleon B. E. in Nuclear Matter

* The volume term in the semiempirical mass formula

* Nucleon self-energy correction in N = Z nuclear matter using Hartree
approximation

1

0By =W9N(gp +gn)pt ] | -

¢ <> — 1+ L_ I U N
0 ~0.08 fm3 Q /

A A

0B,,+6B 1 2
* pz n=4m(2p(gp+gn) P
0B.,+6B
e 2% 1 MeV

[1] R. D. Mattuck, A Guide to Feynman Diagrams in the Many Body Problem, 2nd ed. (Dover Science, New York, 1976).



B. E. difference of *He and 3H

* SHe-3H binding energy difference (763.76 keV)

* Coulomb interaction: 693 keV
* Charge asymmetry of p and n: 68 keV [1-5]

. Contribution from scalar boson potential

fooqqu ¢ —F(g?) < 30 keV [2,6-8]
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Electron Beam Dump Experiments

e Search for new particle [1-3]
* E137 (20 GeV, 30C) [4]

e E141 (9 GeV, 0.32 mC) [5]

* Orsay (1.6GeV, 3.2 mC) [6]
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FIG. 2. Layout of SLAC experiment E137.
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(9 —2)e %>m§>w>w

. _a 2.(M¢ 1 (1-2)*(1+2)
Aal—mflf(ml)/f(x)—f dz

0 (1—-2)2+x2z

e The most accurate method to measure «

* The shift of (g — 2), by ¢ results in the measured a by Aa = 2rAa,
[1].

* A measurement of a, which is not sensitive to ¢, using 87Rb atom [2]
gives 0.66 ppb uncertainty.

* Aa, < 1.5 x 10712 (taking 2 S.D.)
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Resonance in Bhabha Scattering

* GSI group

* No resonance were found at 97% C.L. within the experimental
sensitivity [1]

do
f d+/s (d—Q)C < 0.5beV/sr.

m.
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eH Lamb Shift

« SEIN = —Z%IEZENf(aled)) (for lepton-nucleus)
2
f(x) = (1ix)4 , @y is the Bohr radius

« SEFH < 14 kHz [1] (5.8 x 10711 eV)
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Supernova 1987A [1]

* Cooling: produce ¢ to escape SN
electron-positron annihilation [2,3]
Nucleon-nucleon bremsstrahlung [4]

* Trapping: scatter (e¢p — e@), decay [5]
* Absorption: e¢p — ey, No — Ny [5]
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